BNIP3 is a recently described pro-apoptotic member of the Bcl-2 family and in BNIP3 cDNAtransfected cell lines, cell death occurs via a caspase-independent pathway with opening of the mitochondrial permeability transition (PT) pore and rapid loss of mitochondrial transmembrane potential (Dc m ). However, its expression or function in physiologic cell types is not known. Our results using the T-cell receptor transgenic mice P14, speci®c for lymphocyte choreomeningitis virus (LCMV) glycoprotein, show that in contrast to the other Bcl-2 family pro-apoptotic molecules, BNIP3 is transcriptionally highly up-regulated in effector cytotoxic T lymphocytes (CTL). Because CTL have a propensity to undergo activation-induced cell death (AICD) upon restimulation, we tested for other features associated with BNIP3-induced cell death. AICD of CTL was caspase-independent as determined by measuring caspase activation during target cell killing as well as by lack of inhibition with caspase inhibitors. Moreover, similar to BNIP3-induced cell death, CTL apoptosis was associated with increased production of reactive oxygen species and decreased Dc m . Finally, retroviral transduction of BNIP3 antisense RNA diminished AICD in effector CTL. These results suggest that BNIP3 may play an important role in T-cell homeostasis by regulating effector CTL numbers.
INTRODUCTION
Activation-induced cell death (AICD) plays an important role in the immune response to limit expansion of activated T cells after the antigen is cleared. 1 The decision on the fate of a cell between survival and death is made by the balance between pro-and antiapoptotic molecules of the Bcl-2 family and their propensity to form homo-and heterodimers. 2 The role of Bcl-2 in the survival of memory T cells is well established. 3 Among the pro-apoptotic members, Bax and the`BH3-only' protein, Bim, appear to be involved in regulating mature T-cell numbers and Bim also controls thymocyte-negative selection. 4±6 However, which proapoptotic molecules are involved in the induction of AICD in T cells is not completely understood. BNIP3 is a recently described pro-apoptotic protein classi®ed in the Bcl-2 family based on limited sequence homology to the Bcl-2 BH3 domain and C-terminal transmembrane domain. 7 It may be functionally unique in that, unlike other BH3-only' members, the C-terminal transmembrane domain rather than the BH3 domain appears to be involved in BNIP3-induced cell death. 8 Moreover, in cell lines transfected with BNIP3 cDNA, cell death occurs via a caspase-independent pathway with rapid opening of the mitochondrial permeability transition (PT) pore and profound mitochondrial dysfunction. 9 Although BNIP3 mRNA can be detected in multiple organs by Northern blot 10 its physiologic function remains unexplored.
We have previously reported that distinct populations of effector and memory cytotoxic T lymphocytes (CTL) can be generated from antigen-primed CD8 T cells in vitro by varying the cytokine milieu. 11 We further found by gene chip analysis, that BNIP3 is one of the genes over-expressed in effector CTL compared to naõ Ève and memory CTL (unpublished data). We therefore compared the gene expression of BNIP3 with that of other pro-apoptotic members of the Bcl-2 family in effector CTL by real-time polymerase chain reaction (PCR). We report that only BNIP3 is transcriptionally up-regulated in CTL and that it contributes to CTL AICD.
MATERIALS AND METHODS
Mice P14 T-cell receptor (TCR) transgenic mice expressing the transgenic TCR speci®c for the lymphocyte choreomeningitis virus (LCMV) gp33±41 peptide 12 were maintained under viral antigen free (VAF) speci®c pathogen-free conditions as described previously.
11 C57BL/6 mice were purchased from The Jackson Laboratory (Bar Harbor, ME).
Naõ Ève and effector CD8
T cells Naõ Ève CD8
T cells were puri®ed from splenocytes by negative selection using the murine T-cell CD8 subset isolation kit (R & D Systems, Minneapolis, MN) according to the manufacturer's instructions. To generate effector CTL in vitro, splenocytes from P14 mice were stimulated with gp33±41 peptide and cultured in interleukin-2 (IL-2) for 7 days as described previously.
11 After 7 days of culture, >95% of viable cells are CD8
T cells. 11 To derive effector CTL in vivo, C57BL/6 mice were infected with vaccinia virus and 7 days later, CD8 T cells were isolated from peritoneal exudate cells as described above.
Real-time PCR
Total RNAs extracted from naõ Ève and effector cells using TRIzol reagent (Life Technologies, Gaithesberg, MD) were reverse transcribed using 100 U Superscript reverse transcriptase (RT; Life Technologies) according to the manufacturer's instructions. For every reaction set, one RNA sample was used without RT to provide a negative control in the subsequent PCR reactions. PCR primers for all target genes (derived from the GenBank data base) were designed using the computer program PRIMER EXPRESS (Applied Biosystems, Foster City, CA) and were synthesized at Operon (Alameida, CA). PCR was performed using the SYBR Green PCR kit (Applied Biosystems) according to the manufacturer's instruction's in the iCycler IQ Real-Time PCR Detection System (Bio-Rad, Hercules, CA). For each PCR assay, standard curves were generated using serial dilutions of the target and b-actin cDNA. The data from the Real-Time PCR machine were exported into a MICROSOFT EXCEL spreadsheet to construct standard curves and to perform statistical analyses. The quantity of target gene or b-actin PCR product was calculated using the corresponding standard curve and the amount of target gene in a given sample was normalized with that of b-actin gene. The normalized quantity of target gene in the RNA sample from naõ Ève CD8
T cells was used as a calibrator. The normalized target values of the test samples were divided by the calibrator values to obtain relative expression.
Western blot
Cell lysates were analysed by Western blot using human polyclonal anti-BNIP3 antibody (gift of late Dr Arnold Greenberg, University of Manitoba, Winnipeg), monoclonal anti-b-actin antibody and horseradish-peroxidase-conjugated goat anti-rabbit secondary antibody (Amersham Pharmacia Biotech, Piscataway, NJ). The results were visualized using an enhanced chemiluminescence detection system (Amersham) and quanti®ed after scanning, using the NIH IMAGE 1Á63 program.
Caspase activation assay
Caspase activation in target and effector cells was studied using Cytoxilux TM and Phiphilux-G 1 D 2 kits (OncoImmunin, Gaithersburg, MD) according to the manufacturer's instructions. Brie¯y, 1 Â 10 6 effector cells were incubated for 6 hr with EL-4 target cells unpulsed or pulsed with gp33±41 peptide at an effector to target ratio of 1 : 1 and subsequently incubated with 10 mM of indicated¯uorogenic caspase substrates for 45 min at 378. The cells were then washed in phosphatebuffered saline and stained on ice with anti-mouse CD8-Cy5 and AnnexinV-phycoerythrin (PE) or propidium iodide (PI) and analysed by¯ow cytometry.
Caspase inhibition P14 effector CTL were either not stimulated or stimulated with plate-bound aCD3 (5 mg/ml) in the presence or absence of 100 mM zVAD-fmk (Calbiochem, San Diego, CA) for 6 hr before staining with aCD8-Cy5 and AnnexinV-PE or PI. Where appropriate, samples were pre-incubated with 100 mM zVADfmk for 1 hr. To determine the activity of zVAD-fmk, NIH 3T3 cells (American Type Culture Collection, Manassas, VA) were treated with 1 mM staurosporine (Sigma, St Louis, MO) for 2 hr and tested for cleavage of the caspase substrate, poly (ADPribose) polymerase (PARP) using a monoclonal antibody that is speci®c for the cleaved form of PARP (Cell Signaling, Beverly, MA) in Western blot analyses.
Reactive oxygen species (ROS) and mitochondrial transmembrane potential (Dc m ). Unstimulated as well as aCD3-stimulated naõ Ève and P14 effector CD8
T cells were stained with 2 mM dihydroethidium or 40 nM DiOC 6 (all from Molecular Probes, Inc.) for 30 min at 378 in Hanks' balanced salt solution, stained with aCD8-Cy5 and examined by¯ow cytometry.
Retroviral transduction
BNIP3 cDNA was obtained by RT-PCR using effector CD8 Tcell RNA as template. The primers were designed to incorporate XhoI sites at both ends and a Kozac consensus sequence before the initiation codon. The cDNA was cloned into the retroviral vector, green¯urorescent protein-retrovirus (GFP-RV) 13 (gift of Ken Murphy, Washington University School of Medicine, St Louis, MO) at the unique XhoI site. Clones containing the insert in the sense as well as antisense orientation (determined by restriction mapping) were selected. To generate viral particles, GFP-RV as well as BNIP3 retroviral constructs were transfected into the packaging cell line, Phoenix Eco (ATCC, Manassas, VA) using Lipofectamine plus reagent kit (Invitrogen, Carlsbad, CA) according to the manufacturer's instruction and the virus-containing supernatant was harvested after 48 hr. For transduction into effector CD8
T cells, P14 splenocytes were stimulated with gp33±41 peptide and 2 days later, CD8
T cells were isolated and infected as described previously 13 The cells were cultured for 4 more days in IL-2 before the apoptosis assay was performed as described earlier.
RT-PCR
P14 splenocytes were transduced with GFP-RV or GFP-RV-BNIP3 antisense retroviruses as described earlier and 2 days after transduction, GFP cells were sorted using a FACSVantage SE cell sorter (BD Biosciences, Mountainview, CA). The sorted cells were nore than 95% pure as determined by¯ow cytometry (not shown). Total RNA extracted from the sorted cells was reverse transcribed and PCR-ampli®ed using a PerkinElmer RT-PCR core kit and BNIP3 or b-actin primers. To obtain semi-quantitative data during the linear phase of ampli®cation, the number of cycles was limited to 25.
RESULTS

BNIP3 is selectively up-regulated in effector CTL
P14 mice express the transgenic TCR speci®c for the LCMV glycoprotein epitope, gp33±41. 12 When stimulated with the cognate peptide and cultured in the presence of 20 ng/ml recombinant IL-2 for 7 days, the transgenic CD8
T cells differentiate into cells that exhibit all the features of effector CTL, including effector-speci®c phenotype and high levels of cytotoxicity.
11 They are also highly susceptible to AICD upon restimulation. To study the pro-apoptotic molecules that may regulate AICD, we compared the gene expression of BNIP3 and other pro-apoptotic members of the Bcl-2 family in naõ Ève and effector CTL by quantitative real-time PCR. There were no signi®cant differences between naõ Ève and effector cells in the gene expression of Bad, Bak, Bax, Bid, or Bim. In contrast, BNIP3 gene expression was highly increased in effector compared to naõ Ève CD8 T cells (Fig. 1a) . The increase was noticeable from 3 days after stimulation, reached maximal levels by 6 days and did not increase further without restimulation (not shown). Western blot analysis also revealed higher levels of BNIP3 protein expression in day 7 effector cells compared to naõ Ève CD8 T cells, although the differences were not as pronounced as in gene expression (Fig. 1b) . A threefold difference in BNIP3 protein expression could be consistently (in three independent experiments) demonstrated after normalizing to b-actin expression.
We also tested in vivo-generated effector CTL, isolated from the peritoneal exudates of vaccinia-virus-infected mice for BNIP3 gene expression before and after stimulation with aCD3 antibody. Although BNIP3 RNA was not increased in unstimulated cells, the RNA levels measured 15 hr after stimulation were increased to levels similar to those seen with in vitro-activated CTL (Fig. 1c) . These results suggest that unlike the other pro-apoptotic members tested, BNIP3 expression is regulated at a transcriptional level when effector CTL are activated.
CTL do not activate caspases during AICD
One important feature of BNIP3-induced cell death is that it is independent of caspase activation. 9 Following TCR recognition of antigenic peptide-major histocompatibility complex (MHC) class I complexes on target cells, CTL release perforin and granzymes which are known to induce caspase-dependent and independent death of target cells. At the same time, some of the CTL also undergo AICD. Thus, an assay that can simultaneously assess caspase activation in target cells and effector CTL would provide a rigorous internal control to determine if CTL apoptosis is caspase dependent. We took advantage of the recently described technique of using cell-permeablē uorogenic caspase substrates to visualize caspase activation by¯ow cytometry. 14 The¯uorogenic substrates are peptides containing recognition and cleavage sequences for individual caspases with covalently linked¯uorophores. In their uncleaved form, the¯uorescence is quenched because of the formation of intramolecular excitonic dimers. Once the substrates are cleaved by caspases, the dimers are broken down and the substrate now becomes¯uorescent. To study caspase activation, we stimulated effector CTL with EL-4 target cells either pulsed or not pulsed with gp33±41 peptide. After 6 hr of incubation, the cells were loaded with the¯uorogenic caspase substrates for DEVDase (caspase-3/7) or VEIDase (caspase-6) and incubated for a further 45 min. The cells were then washed and stained with anti-mouse CD8-Cy5 and AnnexinV-PE or PI.
Because the effector CTL populations used are over 95% CD8
(not shown), we could simultaneously study caspase activation in effector CTL and the target EL-4 cells by simply gating on or gating out the CD8 populations. While the AnnexinV CD8 À EL-4 target cells uniformly activated the caspases, as revealed by green substrate¯uorescence, the AnnexinV CD8 CTL failed to activate caspases (Fig. 2a) . These results suggest that while the CTL-mediated target cell apoptosis activates the caspase pathway, the AICD of CTL is caspase-independent. These results were also con®rmed after overnight incubation, ruling out the possibility that caspase activation may be a later event in effector cell apoptosis (not shown). We also used another approach of stimulation with aCD3 antibody to induce AICD. Even in this system, the CTL undergoing apoptosis failed to activate caspases (Fig. 2b) . Similar results were also obtained using in vivo-generated effector CTL, isolated from the peritoneal exudates of vaccinia virus-infected mice (not shown).
The Pan-caspase inhibitor zVAD-fmk, does not inhibit CTL AICD
To con®rm that AICD in effector CTL is caspase-independent, we looked at the effect of a pan-caspase inhibitor on AICD. For these studies, effector CTL were stimulated with aCD3 and cultured in the presence or absence of zVAD-fmk for 6 hr before staining with anti-mouse CD8-Cy5 and AnnexinV-PE. Compared to untreated controls, the AnnexinV CD8 T-cell numbers were not signi®cantly diminished in the inhibitor-treated cultures (Fig. 3a) . To con®rm that zVAD-fmk was active, we treated NIH 3T3 cells with staurosporine and evaluated the cells for the cleavage of the caspase substrate, PARP using a monoclonal antibody that speci®cally recognizes cleaved PARP in Western blot analyses. Compared to staurosporine-untreated control cells, a prominent cleaved PARP band was apparent in the staurosporine-treated cells and this band was substantially reduced after treatment with zVAD-fmk, indicating that zVADfmk used was indeed active (Fig. 3b) .
CTL AICD is associated with increased ROS generation and decreased mitochondrial transmembrane potential (Dc m )
Apart from being caspase independent, BNIP3-induced cell death is also characterized by increased ROS production and by a rapid loss of Dc m . 9 Thus, we tested naõ Ève and effector CD8
T cells for ROS production and Dc m before and after stimulation with aCD3. ROS production was measured by staining with dihydroethidium (HE), a dye that reacts with Figure 2 . AICD of effector CTL is largely caspase-independent. P14 splenocytes were stimulated as described in Fig. 1 and on day 7 post-stimulation, effector cells (1 Â 10 6 ) were incubated with EL-4 target cells, pulsed or not pulsed with gp33±41 peptide at an effector to target ratio of 1 : 1 (a) or stimulated with 5 mg/ml plate-bound aCD3 antibody (b). Six hours later, the cells were incubated with 10 mM¯uorogenic caspase substrates for DEVDase (caspase-3/7) or VEIDase (caspase-6) for 45 min. The cells were then washed and stained with anti-mouse CD8-Cy5 and AnnexinV-PE. All samples were analysed without ®xation by¯ow cytometry. superoxide anion, and Dc m was assessed by staining with the cationic dye, DiOC 6 , which accumulates in mitochondria that have an intact membrane potential. As shown in Fig. 4 , compared to naõ Ève cells, effector CD8
T cells exhibited signi®-cantly higher HE staining and this difference was further accentuated after aCD3 stimulation, indicating that ROS production is increased in effector cells. Dc m decreased, as measured by DiOC 6 staining, in effector but not in naive CD8 T Figure 3 . The pan-caspase inhibitor zVAD-fmk, does not signi®cantly inhibit CTL apoptosis. A. P14 splenocytes, stimulated as in Fig. 1 were restimulated with 5 mg/ml of plate-bound aCD3 antibody for 6 hr in the presence or absence of 100 mM zVAD-fmk. The cells were then stained with aCD8 Cy5 and AnnexinV-PE and analysed by¯ow cytometry after gating on CD8 cells. (b) NIH3T3 cells were either cultured without treatment or treated with 1 mM Staurosporine for 2 hr in the presence or absence of 100 mM zVAD-fmk. The cells were then lysed and the lysates analyzed by Western blot for caspase 3 substrate, PARP cleavage using a monoclonal antibody that recognizes cleaved but not native PARP. 
Abrogation of BNIP3 expression reduces CTL apoptosis
Next we sought to test directly the role of BNIP3 in AICD by targeting BNIP3 mRNA in effector CTL. For this purpose, we derived retroviral vectors encoding BNIP3 RNA in the sense or antisense orientation. P14 CD8 T cells were activated with gp33±41 peptide and 2 days later were infected with retroviruses expressing GFP alone or along with sense or antisense BNIP3 RNA. The cells were cultured in the presence of IL-2 for 4 more days, following which AICD was induced by aCD3 stimulation. Because dead cells rapidly lose GFP expression precluding analysis of BNIP3 antisense effects in our system, we used AnnexinV positivity in the live cell gate as a readout. Although BNIP3-transfected 293 T cells were found not to externalize phosphatidylserine 9 other cell types become AnnexinV-positive following BNIP3-induced cell death. 15 Because not all CD8 T cells are infected (we obtained 12± 20% infection as evidenced by GFP¯uorescence), the uninfected GFP À CD8 T cells provide a good internal control for variability in the induction of apoptosis. Thus, we analysed the GFP À and the GFP cell populations (Fig. 5a ) separately for AnnexinV staining. In the GFP À cells, AnnexinV positivity was comparable between all three experimental groups, indicating Figure 5 . Retroviral transduction of antisense BNIP3 RNA diminishes effector CTL apoptosis. P14 splenocytes were stimulated with gp33±41 peptide and 2 days later, were infected with retroviruses expressing GFP alone (GFP-RV) or expressing GFP along with sense or antisense BNIP3 RNA. The cells were cultured for 4 days in the presence of 10 ng/ml IL-2, stimulated with 5 mg/ml plate-bound aCD3 for 6 hr and stained with CD8-Cy5 and AnnexinV-PE and examined by¯ow cytometry. In (a), gates set to analyse GFP and AnnexinV positivity are shown using GFP-RV transfected ( that aCD3 treatment induced similar levels of apoptosis (Fig. 5b  top panel) . In the GFP group, similar levels of AnnexinV staining were seen between the cells transduced with retroviral vector alone or with retrovirus expressing BNIP3 sense RNA. In contrast, AnnexinV positivity was reduced by nearly 50% when BNIP3 antisense RNA was expressed (Fig. 5b, bottom panel) , indicating that BNIP3 antisense RNA speci®cally inhibited CTL apoptosis. We did not observe an increase in apoptosis using BNIP3 sense RNA-expressing retrovirus, which may be because BNIP3 mRNA is already highly expressed in effector cells and a further increase in BNIP3 RNA may not lead to increased protein levels. Unfortunately we could not test the BNIP3 protein levels in transduced cells because the only available antibody that recognizes mouse BNIP3 is not suitable for intracellular staining (not shown) and the low numbers of transduced cells precluded analysis by Western blot. However, we were able to demonstrate a 2Á3-fold reduction in BNIP3 gene expression (after normalizing to b-actin expression) by RT-PCR using sorted GFP cells after transduction with BNIP3 antisense retroviral construct (Fig. 5C ).
DISCUSSION
So far, BNIP3 has been studied only by transfection in cell lines and its expression or function in particular cell types is not known. Our results, for the ®rst time, show that BNIP3 is expressed in CTL, is transcriptionally regulated, and may play an important role in regulating effector CTL numbers. A number of observations support such a role for BNIP3: BNIP3 mRNA and protein are up-regulated in effector CTL; CTL apoptosis, like BNIP3-induced cell death, occurs in a caspase-independent manner; similar to BNIP3-induced cell death, CTL apoptosis is associated with increased ROS production and decreased Dc m ; and targeting BNIP3 mRNA renders CTL less susceptible to AICD.
The Bcl2 family of pro-apoptotic molecules is thought to be regulated mostly at a post-translational level through processes such as subcellular translocation, dimerization, phosphorylation or protein cleavage (reviewed in ref. 16 ) BNIP3 appears to be unique in that its mRNA is highly up-regulated in effector CTL compared to naõ Ève CD8 T cells. In the cultured P14 CTL, the BNIP3 gene was highly expressed even before aCD3 restimulation, and increased further with stimulation (Fig. 1a) . However, in CTL obtained from vaccinia virus-infected mice, basal level BNIP3 gene expression was not increased, but it rapidly rose after restimulation with aCD3 antibody (Fig. 1c) . The reason for this discrepancy is not apparent and may indicate that high-level BNIP3 expression delivers apoptotic signals and such cells may be rapidly cleared by macrophages in vivo. Alternatively, BNIP3 may be more involved in the cell death induced by cytokines such as high doses of IL-2, a situation not generally found in vivo. However, this is unlikely considering the fact that in vivo-generated CTL rapidly up-regulated BNIP3 expression following restimulation in the absence of IL-2 (Fig. 1c) . We are currently generating BNIP3 transgenic mice to address this issue more fully .
Our results that AICD in effector CTL is caspase-independent also suggest that Fas and tumour necrosis factor (TNF) may not be involved in the induction of AICD in CTL. A number of studies have addressed the role of Fas and TNF in the elimination of mature T cells and have come to differing conclusions. In mice lacking Fas or Fas ligand, activated T cells with abnormal phenotype accumulate leading to a lymphoproliferative disease. 17 Moreover, superantigen-, peptide-as well as aCD3-induced deletion of CD4 T cells is impaired in these mice. 18, 19 An important role for both Fas and TNF in peripheral deletion of CD4 T cells has also been shown using an MHC-class-IIrestricted TCR transgenic system. 20 However, while Fas and TNF appear to be important in mature CD4
T-cell apoptosis, many studies suggest that they may not play an equally important role in the elimination of CD8 T cells. CD8 T-cell downregulation after acute viral infection occurred normally in the absence of Fas. 21, 22 Similarly, peptide antigen-induced deletion of CD8
T cells was not impaired in Fas-de®cient mice in two different TCR transgenic models. 23, 24 Although some studies suggested that TNF may be involved in mature CD8
T cell apoptosis 25±27 two recent studies directly addressing the role of Fas and TNF using mice de®cient for either or both molecules came to the conclusion that neither Fas nor TNF is required for the down-sizing of CD8
T cell pool after viral infection. 28, 29 Our results are consistent with these studies and indicate that the death pathways used in the elimination of CD8 T cells may not use Fas, TNF or other molecules causing caspase activation and support a role for BNIP3 in the process.
Two other pro-apoptotic members of the Bcl-2 family, Bax and Bim, have been shown to play an important role in T-cell physiology. Expression of a Bax transgene leads to a reduction in mature T-cell numbers and conversely, Bax-de®cient mice display increased thymocyte and peripheral T-cell numbers. 4, 30 De®ciency of the`BH3-only' member Bim also leads to an increase in thymocyte and mature T-cell numbers. Bim-de®-cient T cells are resistant to some, but not other forms of apoptotic stimuli. 6 Bim À/À mice are also defective in downsizing superantigen-induced T-cell expansion. 31 Moreover, Bim À/À mice are severely impaired in thymocyte-negative selection. 6 Together with our ®ndings, these results suggest that different pro-apoptotic members of the Bcl-2 family may regulate T-cell apoptosis under different circumstances. The signals responsible for BNIP3 induction in CTL are not clear. A number of recent reports suggest that hypoxic stress can induce up-regulation of BNIP3 mRNA and protein levels in cultured cells and tumours. 32±34 In fact, the BNIP3 promoter contains a functional hypoxia-inducing factor (HIF)-1-responsive element (HRE) and is potently activated by both hypoxia and forced expression of HIF-1a. 32 Hypoxia is also known to induce ROS generation. 35 Our results, as well as those of others, suggest that effector T cells generate enhanced amounts of ROS which increases their susceptibility to AICD (Fig. 4, and ref. 36 ). Moreover, cell death occurs in a caspaseindependent manner with early loss of Dc m and can be prevented by antioxidants. 36 These features also characterize BNIP3-induced cell death. 9 Moreover, one of the genes we found over expressed in effector cells is HIF-1 (unpublished data). Thus, oxidative stress in effector cells might induce BNIP3 gene expression through the HIF/ROS pathway, leading to an increased susceptibility to AICD. Whatever the mechanisms involved, our results suggest that BNIP3 is involved in regulating CTL survival and therefore BNIP3 may provide a target to induce or interfere with the apoptotic pathway and CTL numbers.
